Sea cucumber is a traditional food item in Asia and has been reported to exhibit antifungal, antitumor, and antioxidant bioactivity as well as other properties. In this study, sea cucumbers were treated with hot water at 32ῌ for 0* min to prepare extracts that were then used to assess their e#ect on the proliferation and H,O, susceptibility of human colon adenocarcinoma Caco-, cells. The growth of Caco-, cells was significantly inhibited by sea cucumber extracts in a dose dependent manner. Cell proliferation was inhibited by high molecular weight sea cucumber extract at a concentration of *.+*2 mg/mL. No growth was observed at +.*. mg/mL of the hot water extract after 30 h incubation. Cell damage by sea cucumber extract was evident above + mg/mL. H,O, showed concentration dependent cytotoxity to Caco-, cells. In addition, coadministration of sea cucumber extracts intensified the H,O, cytotoxity.
Introduction
Sea cucumber (Stichopus japonicus) is an invertebrate that is highly regarded as a food item due to its delicate flavor and texture, and also a medicine in Japan and China (Oshima, +30, ) . It is also a traditional food of the southwest Pacific where it was called "trepang" and was used for stews, soups and in the making of pickled food.
Tanikawa (+3//) studied the nutritive value of the sea cucumber's body wall from the standpoint of utilization and processing. Findings revealed that the caloric value and protein content of the sea cucumber were considerably less than that of the finfish. Therefore, sea cucumber was not regarded as a protein source, but rather for its good taste. In Japan, the intestine and gonad have been processed into expensive delicacies, and we have previously analyzed the components that give the sun-dried gonads of sea cucumber their unique flavor (Ogushi and Harada, +333) . Recently, several examples of bioactivity were detected in purified fractions of aquatic invertebrates including this echinoderm. When glycosaminoglycans extracted from sea cucumber were administered to rats fed with a cholesterol-supplemented diet, the cholesterol level and atherogenic index were significantly decreased (Liu et al., ,**,) . Glycosphingolipids was partly purified from the sea cucumber (Yamada, ,**,), and anticoagulant activity was also reported (Mourao et al., ,**+). Fucosylated chondroitin sulfate, a glycosaminoglycan extracted from the sea cucumber, also modulates vascular cell growth (Tapon-Bretaudiere et al., ,***). From these reports, sea cucumber was presumed to contain several potentially beneficial compounds. Many reports of purified compounds from sea cucumbers have been published, but none have investigated the physiological e#ects of whole sea cucumbers. In Japan, boiling, baking and making marinade are common ways of preparing seafood. In this study, sea cucumbers were boiled and the high molecular fractions containing polysaccharides from body wall was collected. We determined the e#ect of the extract on the proliferation and H,O, susceptibility of Caco-, cells, the human colon adenocarcinoma cell-line.
Materials and Methods
Materials Sea cucumbers, Stichopus japonicus, (average weight +2*῍-* g) were caught in the Sea of Japan (Nanao Bay, Ishikawa Pref., Japan) in March, ,**,. They were packed in ice and immediately transported to our laboratory. The samples were stored at ῌ-*῎ until use. All of the reagents used for the experiments were analytical grade.
Preparation of extracts Sea cucumbers were gently washed using distilled water and dried with paper. Twenty-five grams of body wall were homogenized with ,/* ml of distilled water using an Excel auto homogenizer (Nihon Seiki Ltd., Tokyo, Japan) at /*** rpm for 0* sec. The homogenate was placed into a flask with a reflux condenser and heated for + h at 32῎. The homogenate was then filtered (No. 0, Toyo Roshi Kaisha, Ltd., Tokyo, Japan) to remove any insoluble material and filtrate was lyophilized. This freeze-dried powder was subsequently referred to as the hot water extract (HWE). A part of the HWE was dialyzed against water (Dialysis membrane with a molecular weight cut o# +,,***ῌ+0,***, Wako Pure Chemical Industries, Ltd., Osaka, Japan) and the inner, high molecular weight fraction (HMF) was freeze-dried. The HWE samples (+-+ mg/mL) and HMF samples (++ mg/mL) were then separately dissolved with sterile water and filtered (*.,, mm) just before the experiment.
Chemical analysis Reducing sugar, uronic acid, Nacetylneuraminic acid, total nitrogen, and soluble protein were measured for both extracts. Uronic acid was determined by the carbazole method (Bitter and Muir, +30,) using glucuronic acid as a standard. N-acetylneuraminic acid was analyzed by the method of Ando (+301). Reducing sugar was determined by the phenol sulfuric acid method (Dubois et al., +3/0) using glucose as a standard. Nitrogen was measured by the micro-Kjeldahl method. Soluble protein concentration was determined by Advanced Protein Assay (Cytoskeleton Inc., Denver, U.S.A) using bovine serum albumin (Sigma-Aldrich, Inc., St. Louis, MO, U.S.A) as standard.
Cell culture The human colon adenocarcinoma Caco-, cells were obtained from the Institute of Physical and Chemical Research (RIKEN Cell Bank, Ibaraki, Japan). Caco-, cells were cultured and maintained in the Dulbecco's modified Eagle's medium (DMEM) (Sigma-Aldrich, Inc.) supplemented with +** mL/L heat inactivated fetal bovine serum (FBS) (Invitrogen Corp., Carlsbad, CA, U.S.
,**+). The cells were cultured at -1῏ in a humidified atmosphere of 3/ῌ air and /ῌ CO, . The medium was replenished every ,ῌ-days. Cells were passaged when semiconfluent. Cell population doubling time was ,,ῌ,. h. For the experiment, cells in passages ,*ῌ.* were seeded on 30-well plates at 0.1῍+* -or /῍+* . cells/mL. Cell number was determined using a Toma hemocytometer (Kayagaki Works, Tokyo, Japan) and cell viability was estimated by the trypan blue dye exclusion test.
Measurement of cytostatic activity Cytostatic activity of HWE and HMF was assessed using a WST-+ cell counting kit (Wako Pure Chemical Industries, Ltd.). The WST-+ assay is a colorimetric method based on the cleavage of the tetrazolium salt to become formazan by mitochondrial dehydrogenase . Cell viability was calculated according to the method of Ishiyama et al. (+330) and the results were used to express cell growth (+**ῌ῎the results in control at 30 h).
E#ect of hydrogen peroxide on the Caco-, cells Hydrogen peroxide (H,O,) stock solution (-+ῌ) was kept at .῏ and diluted immediately before use in PBS bu#er (Ca, Mg-free). Cells (1./῍+* -cells/well) were grown in 30-well microplates. The monolayer of cells was treated with H,O, (*ῌ/ mM) for ,. h. Cytotoxicity Cytotoxicity, monitored as an increase in lactate dehydrogenase (LDH) leakage, was evaluated with the LDH Cytotoxic Test Wako (Wako Pure Chemical Industries, Ltd., Osaka, Japan) (Korzeniewski and Callewaert, +32-; Decker and Lohmann-Matthes, +322). Cells were seeded on microplates at a density of /.*῍+* . cells/ mL and incubated for ,. h and the results were used to express cytotoxicity (+**ῌ῎positive control : incubated in *.,ῌ Tween ,*).
Statistics The results represent the meanῌstandard deviation of four to six parallel samples. Significant di#erences between samples were evaluated using a Student's t-test.
Results and Discussion
Chemical Composition of hot water extract and high molecular weight extract from sea cucumber and their e#ects on the growth of Caco-, cells Approximately +.*,/ g of HWE was obtained from the sea cucumbers (,/ g wet weight). From this extract, *.+*/ g of HMF was recovered by dialysis. The recovery of HWE and HMF was ..+ῌ and *..-ῌ, respectively, both of which were solubilized in distilled water to produce dark-brown translucent solutions.
Chemical composition of the sea cucumber extract is shown in Table + . Neither of the extracts prepared from sea cucumber contained N-acetylneuraminic acid. Reducing sugar and uronic acid contents were +0** and -** mg/ +** g of freeze dried HWE, and 1+** and 3** mg/+** g of freeze-dried HMF, respectively. Nitrogen content was ,//* mg/+** g for HWE and +*/.* mg/+** g for HMF. When respective nitrogen contents were converted to protein content and multiplied by 0.,/ they revealed that HWE and HMF had contents of +0ῌ and 00ῌ, respectively. Soluble protein contents were /.1/ g/+** g for HWE and +3.0 g/+** g for HMF. Total amino acid contents of HCl-hydrolyzed HWE and HMF were 3./, and .-.33 g/+** g, respectively (data not shown). These results show that HMF consisted of mainly high molecular weight compounds, possibly soluble protein and complex poly- Table + . Chemical composition of extracts from sea cucumber.
Cytostatic Activity of Sea Cucumber Extracts saccharides.
The detailed structure of glycosaminoglycan isolated from the body wall of sea cucumbers using lipid extraction and proteolysis has previously been reported by Kariya et al. (+33*῎ and Kariya et al. ῍+331) . In their study, approximately + g of crude glycosaminoglycan was obtained from +1* g of wet tissue. Colorimetric quantification using the carbazole method, revealed that the glycosaminoglycan concentration in the body wall was *.*-ῌ. The chemical composition of the purified glycosaminoglycan included sulfate, N-acetylgalactosamine, glucuronic acid and fucose at -.+,, *.12, *.32 mmol/g, and +.0. mmol/g glycosamino-glycan, respectively. In our study, we isolated *.*+,ῌ of uronic acid using the carbazole method from raw sample ( Table +) , indicating that approximately half of the high molecular weight compounds in sea cucumbers ῌ probably glycosaminoglycan and collagen compounds ῌ could be collected by hot water extraction. Furthermore, this finding indicates that hot water extract (32ῑ, + h) is e#ective for the extraction of the glycosaminoglycan-equivalent fraction. Yamada et al. (+332) and Yamada et al. (,**,) isolated glycosphingolipids from echinoderms using an organic solvent extraction method and demonstrated that the ganglioside constituents in the extracts elongated the neurites of PC-+,-cells, indicating a possible application of sea cucumber extracts on cultured cells. Figure + shows the growth of Caco-, cells for various concentrations of extracts (HWE : *.+-, *.,0, *./,, and +.*. ; HMF : *.*+-, *.*/., *.*2+, and *.+*2 mg/mL) after ,., .2, 1, and 30 h incubation. In the exponential growth phase, as can be observed in control cells, growth inhibition was noted early after the addition of the extracts. Their e#ects increased with an increase in the incubation time in both extracts. After 1, h, the percent inhibition as compared to control at *.+-, *.,0, *./, and +.*. mg/mL was //, 1-, 3* and 32ῌ in HWE, respectively. The corresponding values in HMF were 0/, 2/ and 3*ῌ at *.*+-, *.*/. and *.*2+ mg/mL. The growth inhibition exhibited by HMF was comparable to observed for a +*-fold concentration of HWE, indicating the presence of potent inhibitors in this fraction with molecular weight above +.,῏+.0ῐ+* . . Similar results were observed by direct cell counting with hemocytometer. The cell viability was estimated by the trypan blue dye exclusion test (data not shown). Since HMF and HWE constituted *..-ῌ and ..+ῌ of the original mass of the sea cucumber, respectively, this finding reveals that the inhibition of Caco-, cells was caused by the high molecular weight fraction of the hot water extracts. Rodriguez et al. (+33+) isolated five triterpene glycosides from the sea cucumber and observed antitumor (antiproliferative) and antiviral activities. As triterpene glycosides are water soluble, therefore, the extract obtained in this experiment might include these materials with possible cytostatic activity. The active compound(s) appeared to be high molecular weight polysaccharides or heat stable glycoproteins, further studies need to be conducted to identify these compounds and determine their structure. Laurent et al. (,**.) reported that grape seed extracts a#ected proliferation of Caco-, cells after being digested in saliva, gastric, and pancreatic media. They found that that growth inhibition varied depending on the extent of gastric digestion and the incubation time/frequency with Caco-, cells. In our study, the high molecular weight fraction with high protein and high uronic acid content induced inhibition of Caco-, cell growth in a dose and time dependent manner. Since protein is acted upon until it reaches the intestine, further research using gastrointestinal simulations are also required.
E#ect of the extracts on Caco-, cells in the presence of H,O, Hydrogen peroxide induced a concentration dependent (+.,/ to / mM) cytotoxic e#ect upon Caco-, cells (r ῍*.3,) and co-administration of sea cucumber extract intensified H,O, cytotoxicity. When *./ mg/mL of HWE was co-administrated with +.,/ mM of H,O,, the cytotoxicity was increased significantly, with co-administration of +.* mg/mL of HWE and +.,/ῌ/.* mM of H, O, significantly increasing the cytotoxicity comparison to the incubation with H,O, alone. The cytotoxicity observed using *.*/ mg/mL HMFῌ+.,/ mM H,O,, *.*/ mg/mL HMFῌ,./ mM H,O,, and *.+ mg/mL HMFῌ/.* mM H,O, was also stronger than that observed using H,O, alone (Fig. ,) . There have been several reports of the radical scavenging activity of fucoxantin in seaweed (Yan et al., +333) and coelomic fluid in sea cucumbers (Hawa et al., +333) . However, concurrent incubation of sea cucumber extracts and H,O, in this study was not observed to reduced cytotoxicity. No apparent di#erence was observed in potentiation by H,O, on cytotoxicity added to HWE and HMF was observed in this study. However, the cytotoxic e#ect of HMF and HWE on Caco-, cells in the presence of H,O, were similar. These results suggest that the highmolecular weight compound(s) in HMF may contribute to the cytotoxic e#ects observed in HWE application. In this study, human intestinal tumor cell was used. How- ever, future research on the e#ects of sea cucumber extracts should be conducted using several tumor lines and normal cells.
